Difficulties in the measurement of plasma corticosteroids have delayed the development of rapid, reliable adrenal function tests suitable for children. A test of the ability of the adrenal cortex to respond to adrenocorticotrophic hormone (ACTH) required full urine collections for several days (Clayton, Edwards and Renwick, 1963) and, in tests for the integrity of the hypothalamicpituitary-adrenal axis, the measurement of groups of nonspecific urinary metabolites gave unreliable results in children (Clayton, 1968) . The fluorimetric method for measurement of plasma 11-hydroxycorticosteroids (11-OHCS) has been widely used but has low specificity for cortisol (James, Townsend, and Fraser, 1967) , and requires blood samples inconveniently large for paediatric work (Medical Research Council, 1971) . In contrast, the competitive protein-binding method for plasma cortisol described by Murphy (1967) is specific and so sensitive that very small blood samples can be used. This technique therefore seems likely to enhance considerably the ease and reliability of adrenal function testing in children. In this paper we describe a modified protein-binding method and report the results of plasma cortisol determinations obtained during investigations of the adrenal axis in children by the 30-minute tetracosactrin (Synacthen) stimulation test and the insulin tolerance test.
Subjects and Methods
Patients. All tests were performed on children undergoing investigation in The Hospital for Sick Children. When investigation was complete, those in whom there was no evidence of endocrine disease were classified as 'normal' controls. The criteria for a diagnosis of hypopituitarism were failure to secrete growth hormone in response to insulin, and/or Bovril stimulation combined with indirect evidence of thyrotrophic hormone and ACTH deficiency. 66 Plasma cortisol. Plasma cortisol was determined by the competitive protein-binding method of Murphy (1967) with a number of modifications, details of which are given in the Appendix.
The principle of the method is as follows: cortisol is transported in the blood stream mainly bound to a specific carrier protein, corticosteroid-binding globulin (CBG). A dilute solution of plasma is tsed as a CBG source and is equilibrated with tritium-labelled cortisol to form the assay solution. Cortisol is extracted from the sample under test with methylene dichloride, and the ability of this extract to displace radioactivity from the CBG in the assay solution is compared with that of cortisol standards. From this comparison, the cortisol content of the plasma sample can be estimated. Makin, Edwards, and Clayton (1968) was used. The normal value is 12-3 ± 2-8 (SD) mg/m2 body surface area per 24 hours (J. Bertrand, personal communication, 1967 ).
Plasma ACTH. These levels were kindly determined by Professor J. Landon by radio immunoassay (Landon and Greenwood, 1968 9.30 a.m. in 70 children without evidence of endocrine disease was 17 3 ± 7 8 (SD) ,tg/100 ml, in 15 children with hypopituitarism, 7 8 ± 4.4 ,ug/ 100 ml, and in 10 children with Addison's disease 12 * 4 ± 6 * 3 ,ug/100 ml. 3 children with Cushing's syndrome showed resting levels greater than 50 tLg/100 ml. At midnight 8 children without evidence of endocrine disease showed a mean value of 3 * 1 ± 1 * 2 jig/100 ml, and one child with Cushing's syndrome, a level of 36 0 ,tg/100 ml.
Synacthen test. Table I shows the results of Synacthen tests in 38 children without evidence of endocrine disease, Table II those in 9 children with hypopituitarism, and Table III those in 8 children with Addison's disease. Fig. 2 shows the mean value ± 1 SD before and 30 minutes after Synacthen for each of these three groups.
Insulin tolerance test. Table IV with isolated growth hormone deficiency, and in 9 children with hypopituitarism. Fig. 3 (Bowman and De Luna, 1968; Iturzaeta, Hillman, and Colle, 1970) or by a specific thin-layer chromatographic and fluorimetric method (Nugent and Mayes, 1966) . The protein binding was not affected by the presence of a number of synthetic steroids nor by a variety of drugs (Murphy, 1967) . However, certain steroids, notably progesterone, 17-hydroxyprogesterone, and 1 1-desoxycortisol, compete for corticosteroid-binding globulin and, if present in abnormal amounts in the plasma, contribute to the apparent 'cortisol' value. The method is therefore not specific for cortisol in the first week of life, in congenital adrenal hyperplasia, in subjects taking metyrapone, and possibly in some other conditions with disordered steroid metabolism, such as adrenal carcinoma. In these situations the introduction of preliminary purification either by chromatography (Iturzaeta et al., 1970) or by solvent partition (Murphy, 1967; Rivarola et al., 1970 ) is necessary.
An important additional advantage of the method for paediatrics is the fact that the assay can be performed on very small quantities of plasma. Though we have preferred, for technical simplicity, to use 100 or 200 1LI samples the estimation can, if necessary, be performed on as little as 10 0Il.
In the fluorimetric measurement of plasma 11-OHCS a large and variable proportion (27-55%) of the total fluorescence was shown to be due to (James et al., 1967 (1970) , in only 6 children, gave a mean resting level of 11 9 ,ug/100 ml. Results in the neonatal period were reported by Stevens (1970) , but the specificity of the method is inadequate in the first few days of life because of the contribution of maternal progesterone. In the present series the resting levels in children without endocrine disease were variable, ranging from 4 5-39-0 ,ug/100 ml, and the mean, 17-3 jig/100 ml, was higher than those previously reported. However, these values were obtained in children undergoing investigation in hospital for a variety of acute and chronic conditions. The midnight levels in 8 children were uniformly low. The resting levels in 3 children with Cushing's syndrome were very high. The mean resting level in children with Addison's disease, 12 * 4
,ug/100 ml, was higher than the mean, 7 8 ,±lg/100 ml, in children with hypopituitarism. This difference is statistically significant (P <0 05, Student's 't' test). The wide variation in resting levels in children without endocrine disease, the fact that cortisol secretion is normally episodic (Hellman et al., 1970) , and the observation that children with Addison's disease and hypopituitarism showed values within the normal range all emphasize that resting values alone are of little diagnostic use. Stimulaton, and in the case of suspected adrenal overactivity, suppression tests are therefore essential.
The 30-minute Synacthen stimulation test is simple, rapid, and requires only three pricks. Synacthen is a pure substance which can be prescribed by weight and is only weakly antigenic. In this series a dose related to the weight of the child has been given which provides maximal adrenal stimulation but requires the measurement of very small doses for infants. A simpler dose regimen, such as 0 125 mg for infants up to 2 years and 0 * 25 mg for all older children, is therefore recommended. Studies of the Synacthen test with plasma 11-OHCS measurement in adults (Wood et al., 1965; Greig et al., 1969) and children (Job et al., 1967; Davidson and Johnston, 1968) have demonstrated, and our results confirm, that it is a reliable screening test for impaired adrenal function. The criteria for assessing a normal response should be stringent so that partial degrees of hypoadrenalism will not be overlooked. For the reasons given above, the resting cortisol value is disregarded and suggested criteria for a normal response is an increment of at least 10 ,ig/100 ml with a final level of at least 25 pig/100 ml. It has been shown that, though the resting cortisol level varies throughout the day, the level after stimulation is similar (McGill et al., 1967) . The suggested criteria will, therefore, apply at any time of day and the test is suitable for outpatient use. The final level in 2 children in the 'normal' group fell marginally below the proposed limit at 24-8 I±g/ 100 ml and 23*6 ,ug/100 ml. Neither showed evidence of endocrine disease, and both responded normally to the ACTH stimulation test.
Eight children showed a very small (less than 3 Fg/100 ml) or negative response to stimulation. Primary hypoadrenalism was confirmed in 7 of them and was almost certainly present in the other child. 6 of these children suffered from the syndrome of cerebral sclerosis with Addison's disease (Forsyth, Forbes, and Cumings, 1971) . Except in one case, the resting cortisol level was within the range found in 'normal' children. One child also had a normal cortisol production rate, a finding that has been reported previously in Addison's disease (Cope and Pearson, 1965) . The two children in whom it was measured showed very high plasma ACTH levels.
Nine children with hypopituitarism were tested.
All showed some response to stimulation but the increment was 10 jig/100 ml or less in 4 and the final value was clearly subnormal in 7. Only 2 children, one of whom had recently received ACTH therapy, showed normal responses. An intermediate response may therefore provide a useful indication of the possibility of secondary hypoadrenalism. It is emphasized, however, that a normal response may occur. It has been suggested that a more prolonged stimulation test with depot Synacthen may give more reliable differentiation of normal from hypopituitary responses (Galvao-Teles, Burke, and Fraser, 1971) .
These results suggest that partially atrophied adrenals, under maximal stimulation from endogenous ACTH, may be able to maintain a normal resting level and even a normal daily secretion of cortisol and yet be unable to respond further to stimulation from exogenous ACTH. In contrast, the adrenal in hypopituitary subjects has little resting 'drive' but responds, though more slowly than normal, to stimulation.
Of the tests which depend on the integrity of each limb in the hypothalamic-pituitary-adrenal axis the insulin tolerance test is probably the safest, most reliable, and least unpleasant for the subject (British Medical Journal, 1970 (Jacobs and Nabarro, 1969) and children (Laron et al. (1969 Recovery. Extraction of triated cortisol (Radiochemical Centre, Amersham) from plasma gave a recovery of 95 ± 1 7 (SD)%.
Precision. The coefficient of variation of repeated assays at concentrations of approximately 5, 10, 15, and 20 ng/100 ml were 2, 3, 6, and 5%
respectively.
